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G3.4 HEAT PUMPS 
A heat pump in the cooling mode. 
A heat pump in the heating mode. 
A heat pump is a device that is used to both heat 
and cool building spaces, replacing the conven-
tional furnace and air conditioner. It may also be 
used to heat domestic hot water. It uses electricity 
as its energy source, but uses that energy to move 
heat from one place to another rather than as a 
source of heat. The heat pump is a two-way 
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refrigeration machine which can extract heat from 
air, water, or the ground and move it to the air, 
water, or ground in another location. Because the 
electrical energy is used to move heat rather than 
generate it, the heat pump is more efficient in the 
heating mode than conventional electric heating 
systems, such as baseboards and ceiling panels. 
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How a Heat Pump Works 
A heat pump works because refrigerants, such as 
Freon TM, boil (change from liquid to gas) at a very 
low temperature. Think of the process, shown at 
left, for both heating and cooling modes, starting 
with cold liquid refrigerant entering a heat transfer 
coil (1 ), where air or water that is warmer than 
the refrigerant flows over the coil. The heat in the 
air or water causes the refrigerant to vaporize 
before any liquid reaches the outlet of the coil. 
The refrigerant gas is then compressed at (2), which 
further raises its temperature. The high-pressure, 
high-temperature gas enters a second heat transfer 
coil at (3) where the hot refrigerant transfers heat 
to the water or air flowing past. As the water or 
air takes heat away from the hot refrigerant gas, 
the refrigerant cools and condenses to its liquid 
state. Then it passes through an expansion valve 
at (4) that reduces pressure on the liquid refriger-
ant, which brings it back to its starting condition 
as a cold liquid. In the process, the source heat 
absorbed at the evaporator is released to a sink at 
the condenser, along with the heat added by the 
compressor. 
Heat Pump Ratings 
Heat pumps are rated by a testing laboratory at 
prescribed conditions for both heating and cooling. 
The heating efficiency rating is called Coefficient 
Of Performance (COP), which is calculated by 
dividing the heating output in Btu per hour by 
the total electrical input converted to Btu per hour. 
A kilowatt-hour of electricity produces 3412 Btu. 
Therefore, if the heat pump has a power input of 
4200 watts (4.2 kilowatts), the heat equivalent is 
4.2 x 3412 = 14,330 Btu per hour. Then, if the 
heating output at given conditions is 45,000 Btu 
per hour, the COP is as follows: 
Heat Output 0 Power Input G COP 
45,000 Btujhr l2..J 14,330 Btujhr 3.1 
Electric resistance heating, such as ceiling cable or 
electric baseboard, has a COP of 1. A heat pump 
with a COP of 2 will provide twice as much heat 
as the resistance heater for the same amount of 
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G3.4 Heat Pumps 
electrical input. The higher the COP, the less 
energy the heat pump uses in the heating mode. 
The cooling rating is called the Energy Effi-
ciency Ratio (EER). The EER is calculated by di-
viding the cooling output in Btujhr. by the power 
input in watts. For example: 
Cooling Outputr:;:1 Power Inputr=J EER 
36,000 Btujhr l2..J 4200 watts 8.5 
Some sources also rate heat pumps in the cooling 
mode by COP. To obtain the cooling COP, the EER 
is divided by 3.4. 
EER values for residential-size heat pumps 
range from about 6 to 11. The higher the EER, 
the less energy the heat pump uses in the cooling 
mode. EER and COP ratings for heat pumps from 
various manufacturers are published by the Air 
Conditioning & Refrigeration Institute (ARI). Man-
ufacturers' literature also gives the ratings for the 
model you are considering. To compare several 
brands, you should collect literature from dealers 
selling different heat pumps. 
The COP andjor EER of an installed unit may 
not be the same as the laboratory rating. The 
efficiency of an installed unit changes with the 
weather. The change in efficiency is greatest with 
air-to-air heat pumps. The change is more gradual 
for water-to-air heat pumps because water or soil 
temperatures do not change as rapidly as outside 
air temperatures. Heat pump manufacturers usu-
ally give an estimated seasonal COP or EER for 
various parts of the country. 
Types of Heat Pumps 
Heat pumps are made in four basic types, which 
are named according to the source of heat and 
method of distribution in the heating mode. 
TYPES OF HEAT PUMPS 
Evaporator Condenser 
heat transfer heat transfer 
(source) (distribution) 
AIR to AIR 
AIR to WATER 
WATER to AIR 
WATER to WATER 
As far as the machine is concerned, it "sees" only 
air or water, but how the air or water is delivered 
to the heat pump can vary considerably. 
AIR-SOURCE HEAT PUMPS 
In air-to-air heat pumps, a fan or blower forces 
air across the evaporator and condenser coils to 
transfer heat to or from the refrigerant. Both 
through-the-wall and window units are available 
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A conventional air-to-air heat pump has the com-
pressor and one coil and blower in an outdoor cabinet 
and a second coil and blower in the house duct 
system, along with auxiliary resistance heating coils. 
in which all of the components are in a single 
cabinet similar to a window air conditioner. But 
the usual whole-house heating and cooling unit 
has two cabinets, one inside and one outside the 
house. The inside cabinet contains a blower and 
one heat transfer coil, and the cabinet outside the 
house contains the compressor, blower and a sec-
ond heat transfer coil. There are also air-to-air 
heat pumps that have only a coil and blower 
outdoors, with the compressor and controls in a 
separate cabinet indoors. Such an arrangement 
should increase the life of the compressor and 
controls. Usually, the inside cabinet will also con-
tain electric resistance heaters that supplement the 
heat pump when necessary. An existing gas or oil 
furnace can also be used as the back-up heat 
source. In that case, the air-source heat pump is 
called an add-on heat pump. 
A three-piece heat pump has the compressor and 
controls in a separate cabinet inside the house. 
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An add-on heat pump has a heat transfer coil inside 
a conventional oil- or gas-fired furnace to provide 
heat when the outdoor temperature is moderate and 
to provide summer air conditioning. 
The add-on heat pump has the advantage of 
being able to use the cheapest source of heat at 
any time. When the outdoor temperature is rela-
tively high, usually above freezing, the heat pump 
may deliver a Btu of heat at a lower cost than gas 
or oil because the COP of the heat pump is higher 
at that temperature. Because the COP of the heat 
pump drops as the outdoor temperature becomes 
colder, it may become cheaper to supply the heat 
with the gas- or oil-fired furnace, even though the 
heat pump is still producing enough heat to warm 
the house. The controls can be set to switch over 
to the fuel-fired unit at any preselected outdoor 
temperature. The most economical switching point 
will depend upon the prices of electricity and the 
furnace fuel. The furnace fuel will nearly always 
be cheaper than switching to an electric resistance 
backup heating system. 
The output of air-source heat pumps varies 
widely, depending on outside temperatures. The 
coefficients of performance vary from 1.5 to 2.5, 
and the energy efficiency ratios vary from 6 to 9. 
Air-source heat pumps perform best where there 
are not many hours when the outside temperature 
is below freezing. When the outside temperature 
is below freezing, the air-to-air heat pump is 
supplemented with electric resistance heat, which 
is a comparatively expensive operating condition. 
The advantages of air-source heat pumps are: 
e They can be completely installed and serviced 
by a heating and air conditioning contractor. 
No subcontractors are needed. (Water-source 
heat pumps may require subcontractors.) 
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e The same equipment provides both heating and 
cooling. 
e The operating cost is lower than electric resist-
ance heating. 
The disadvantages of air-source heat pumps are: 
e The operating cost is usually higher than a 
natural gas furnace with a central air condi-
tioning system. 
e The maintenance cost may be higher than a 
furnace with an air conditioning system. 
e The life of the heat pump may be shorter than 
that of a furnace with air conditioning because 
the compressor operates year around instead of 
only during the cooling season. 
e The heat pump may not be very effective in 
colder climates where there are many winter 
hours below freezing and few summer hours 
when air conditioning is required. 
e The compressor and fan noise from the outdoor 
unit may annoy neighbors. 
WATER-SOURCE HEAT PUMPS 
Water-source heat pumps can be classified as open 
and closed-loop systems. Open systems use well 
water in one pass through the heat pump. The 
water may be discharged, or it may be returned 
to the ground through a second well at least 100 
feet from the supply well. 
A water-source heat pump extracts heat from or gives 
up heat to water pumped through heat-transfer coils 
in the heat pump. 
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An open water-source system takes water from a 
well or other water source and discharges it to a 
lake, stream, or into another well. 
The advantages of open systems are: 
e An adequate water well already may be avail-
able to supply household needs as well as heat 
pump needs, making a lower installation cost 
than closed-loop systems. 
e The heat pump "sees" the same water temper-
ature continuously, which provides a nearly 
constant COP and EER. 
e Open systems provide the highest seasonal COP 
of any heat pump system. 
The disadvantages of open systems are: 
e It is relatively expensive to pump water from 
a well continuously. 
e Many wells do not provide enough water to 
supply a heat pump. 
e Well water may cause scaling of the pipes 
because of minerals in the water. 
e Laws in some states prohibit return of the water 
to the ground through a second well. 
e Surface discharge of the water may not be 
feasible in many locations, and wastes water. 
Closed-loop systems recirculate the same liquid 
(water or antifreeze solution) and depend on a 
body of water (water-coupled system) or the ground 
(ground-coupled system) to heat or cool the liquid 
in the closed loop. Since most homes are not near 
a large body of water, the closed-loop/ground-
coupled system is the most common. 
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The advantages of closed-loop systems are: 
e The pumping costs are less than for open-loop 
systems. 
e There is no consumption of ground water. 
e No scaling occurs. 
e The closed -loop system has a much higher 
seasonal COP than air-to-air heat pumps. 
e The closed-loop system is adaptable to urban 
or rural installations because wells or water 
discharge are not involved. 
The disadvantages of closed-loop systems are: 
e The success of the system depends on the 
designer of the closed loop so the heat transfer 
to or from the ground is matched to the capacity 
of the heat pump. 
e The closed-loop system may be more expensive 
to install than an open system, especially if an 
adequate water well already exists. 
Variations of Closed-Loop/Ground-Coupled 
Systems 
The closed loop of pipe that is installed in the 
ground and connected to the heat pump at the 
house can be designed in a variety of vertical or 
horizontal installations, depending on the site where 
the building is located. 
Vertical loops consist of double pipes with a 
U -bend at the bottom, installed in a number of 
holes bored vertically with well-drilling equip-
ment. In low-capacity systems, the vertical loops 
may be connected in series. Fluid flows from one 
bore to the next. 
A vertical closed-loop system with the coils con-
nected in series 
Page 6 
A vertical closed-loop system with the coils con-
nected in parallel. 
In higher-capacity systems, the vertical loops 
are usually connected in parallel. Part of the fluid 
flows through each bore and returns to the heat 
pump. In the parallel system, the designer may 
recommend a reverse-return pipe to balance the 
flow. This becomes more important as the number 
of bore holes increases beyond 5 or 6. 
Horizontal loops are installed from four to six 
feet below the surface of the ground in any pattern 
that the site allows. It may be a single line out 
and back, or the field may be a series of trenches 
8 to 10 feet apart with pipe laid in a regular 
pattern. Because the ground temperature at a 4' 
to 6' depth is not as uniform from season to season 
as the temperature in vertical bore holes, the length 
of pipe in the loop may have to be longer to get 
the same heat transfer. 
A reverse-return parallel loop system. 
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A horizontal closed-loop system is run in trenches 
4 to 6 feet deep. 
Under some conditions, a designer may specify 
two or more pipes in the same trench. This will 
shorten the length of trench, but the total length 
of pipe must be increased because two pipes in 
the same trench cannot absorb twice as much heat 
as one pipe. 
One of the important considerations when 
choosing to install a closed-loop/ground-coupled 
heat pump system is the capability of the designer 
of the earth heat exchanger. There are many 
variables, and the designer must be qualified to 
select the best combination of variables and cal-
culate the pipe length required for the situation. 
Materials 
One of the factors that makes closed-loop/ground-
coupled heat pump systems feasible is the existence 
of good pipe and connections to ensure long-
lasting underground installations. 
A closed-loop system can be used in a lake of 
adequate depth - usually 12 feet or more. 
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There are two kinds of pipe recommended for 
closed-loop systems. One is high-densify polyeth-
ylene with heat-fused butt joints. The other pipe 
is polybutylene with heat-fused socket joints. 
Polyvinylchloride (PVC) piping with solvent-
bonded fittings has been used with limited success. 
It is no longer recommended for closed -loop sys-
tems because the wide variations in temperatures 
in the pipe .tend to cause leaks. Copper piping is 
an excellent material but is too expensive to com-
pete with plastic piping. 
There are ·different grades and diameters of 
both polyethylene and polybutylene pipe. The 
system designer should specify the correct pipe to 
meet design conditions. The installer must supply 
pipe that meets the specifications. 
Heat Pump Sizing 
Every house heating/ cooling system should be 
sized according to the calculated heat loss or heat 
gain. These calculations should be done carefully 
because oversizing heating and cooling equipment 
adds to costs and decreases efficiency. Since a heat 
pump provides both heating and cooling, .its ca-
pacity should be matched to the loss or ga1n that 
is dominant. 
In the deep south, for example, the cooling 
season is dominant. A heat pump sized to provide 
adequate cooling in summer will have more than 
enough heating capacity in the winter. Farther 
north, the two seasons may be about equal in Btu 
requirements, so a fairly balanced design is fea-
sible. Still farther north, where the heating re-
quirement dominates, the heat pump may be sized 
for the heating load. The designer will have to be 
careful, however, not to oversize too much for the 
cooling load or summer dehumidifying will be 
inadequate. If the heating requirement cannot be 
fully met, a back-up heating system will be nec-
essary. Back-up heat can be provided by electrical 
resistance heat strips built into the heat pump, or 
by any fuel-fired system, such as a gas or oil 
furnace, space heater, or wood-burning stove. Fuel-
fired systems can be separate, or they can be 
combined with the heat pump and share air dis-
tribution and control systems. 
Heating Domestic Water with Heat Pumps 
There are two ways to heat water with heat pumps. 
One is the heat pump water heater that is inde-
pendent of the central heating/ cooling system. 
The other is a waste heat recovery unit added-on 
or built into a space heating/ cooling heat pump 
system. 
A heat pump water heater is installed near or 
on the domestic water heater. It is an air-to-water 
heat pump about the size of a portable household 
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A heat pump water heater takes heat from the room 
air to heat domestic hot water. 
dehumidifier. Air from the room is drawn across 
the evaporator coil to boil the refrigerant while 
water from the domestic water heater is pumped 
through the condenser coil to condense the refri:-
gerant. Because the system reduces the tempera-
ture of the air in the room that houses the water 
heater, it works well in warm weather when 
cooling is desirable. But in cold weather, the heat 
taken from the air to heat the water must be 
replaced by the space heating system. A heat pump 
water heater in an unheated basement can use 
heat lost from heating ducts that would otherwise 
be wasted. 
One disadvantage of a heat pump water heater 
is its high price. A heat pump water heater may 
not be economical unless a family uses above-
average quantities of hot water. 
A waste-heat recovery unit, sometimes called 
a desuperheater, takes heat from the hot refrigerant 
after it leaves the compressor of a heating/ cooling 
heat pump. Water from the domestic water heater 
is pumped through a coil ahead of the condenser 
coil so that some of the heat that would have 
been dissipated at the condenser is used to heat 
water. Excess heat is always available in the cooling 
mode and will also be available in the heating 
mode during mild weather when the heating/ 
cooling heat pump is not working to full capacity. 
The waste heat recovery unit on a heating/ 




A waste heat recovery system uses a desuperheater 
to collect waste heat from the house heat pump 
during the cooling season and any excess capacity 
during the heating season to preheat the water supply 
to the domestic water heater. 
than a heat pump water heater. The decision to 
purchase the recovery unit should still be based 
on how much a family normally spends for heating 
water compared to the cost of the heat recovery 
unit and its operating cost. 
Why Choose a Heat Pump? 
A long-range advantage of heat pumps for heating 
and cooling homes and for heating water is that 
they are electrically operated. Electricity is a way 
of delivering the thermal capacity of coal and 
nuclear fuels to homes - two fuels which the 
United States has in abundance. This permits 
conserving oil and gas, which the United States 
imports. World reserves of oil and gas are estimated 
to be less than those of coal. 
Even today, some heat pump installations are 
competitive with other heating/ cooling systems in 
installation and operating costs. As the price of a 
unit of heat from gas or oil more nearly approaches 
the price of a unit of heat from electricity, heat 
pumps will have the lowest operating cost. Heat 
pu~ps are likely to become a popular heating/ 
cooling system. 
Natural Gas 233 (4%) 
Crude Oil 170 (2.9%) 
Uranium 61 (1.1 %) 
0 1000 2000 3000 4000 5000 6 
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Estimated Recoverable Energy Resources 
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